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The^^ixtension of computer based communication tp the 
mora task« focused coamunicatlon reg^re^ by groups involyad in joint 
|robi#m solving is discussed in this paper^ Speci^f ically, it 
addrasias three araasi (1) the aspects of the joint problem solving 
that 'ara most suitad to computar based communication support, (2| th^ 
computer based cdmmunication facili'tias that ara naedad to undertake 
the problem solrin*g tasks, and> (3) the facilities that might best be 
atruoturad tc promote communication through the display of 
information, group interaction, and the storage of information. In 
particular# it discusses the capabilities of the HUB system, which 
has baan specifically designed to support such communication, in 
conclusion, it presents soma preliminary findings from a continuing 
evaluation of the system/based on, the experiences Of. % number of user 
groups* (Author/PL^ 
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, - , V SUPPORTING TAS<-FOCUSED CdMMUNICATIOfsi /" 

, *4 V . Hubert Liplniklj Sara Spingi and John Tydamen ; " 

Instituts f or the Futift'© ' v V 

,/r . . Menlo Park, California 

Abstraot a This paper diicusses the extension of □omputer*based eommunlDation 
to the more task-foouaed communication r^Oired by groups involved In joint problem 
goiving«, By analyzing the types of cocnmuniaatlon involved in each stage of the prob- 
lem^solving processi we select the aspects of joint problem solving most suited to 
oomputer^based communication supports In ^^tlculari we diaoues the capabilities 
of the HUB systemt which has been specifically designed to support such communica- 
tion* Finally, we preseht dome preliminary findings from an ongoing evaluation of 

, the system based on the experiences of a number of user groups. 
♦ 

INTRODUCTION ' 

Various forms of computw^based communication have been developed to aid 
communication among a group of people.* Electronic messaging (or eleetrohip maiiy^ 
and computer-based conferencing have been the^ principal c^munication mpdss 
to date* (1) T^iir uses have^varled from message exchange to group discussions. 
Yet, for groups w^th highly^ defined pbjec their usefulness has been limited, - 

' " • : ■ ; " ^' ^ . / ^ : i ^ \ . \ ■ ■ : 

However, the computer also offers the promise of iupportln|[ nn^^^fk-basad 
communication. Two examples of such structured communication are the deyelopment 
of computer-based graphics and its eKtension to miA|iple users (2, S), and the ability 
to write and edi£ dopuments jointly. (4) While these types communication may 
at first appear rather disparate, In fact they are examples of different modes of ^ ^ 
computer based communication that could be used by a group; involved in Joint probltem 
solving. . . , . 

In this paper we addre^ three specific questlorti at the core of extending compu- 
ter-based cpmmunication to a more task- focused content. 



^ : . i what aspefiti of joint problem solving are most lulted to oomputer- 



-J 



' based communication^ support? ^ ; \ 



>' • What computsr-baiad communlQation fac^llities are needed to undertake 
theie problem-solving tasks? 1 . 

• How might the facilities best be structured to promote communlcaWon 



- ^ through the display faf informatibni group Intaractionf and the itof age 

of information? . ' I 

. ' ■ ^ ^ ' ■ ■ ^ 

f COMMUNICATION AND JOINT PROBLEM SOLVING 

To answer the questions we have raised, it is initructive to fo^us on the joint 
problem-iolving proce^ and on the varioua^forms of communication (verbal, textual,; 
mathematical, and visual) involved* (5) A number of taxonomies have been proposed 
to describe group problem-solving ^ocessaa. Briefly, the generally agreed upon \ 
tasks in joint problem solv^g Includes ' . 

Conceptualizing * An esiantlaUy verbal communication activity that attempts 
to shape a diverse series of concerns into a tractable, agreed^pbn formati 

Searchinq r A task, either structured or unstruotLffedfin which problem bound- 
.aries, key issue areas, possible approaches or methods, and ijmportant vafiables and 
constraints are delineated^ 

Structurinq p A formal or informal proceisTOs^etejrmine the extent and type 
of interactions among the set of variables.' It is alio a first step toward providing 
a framewor^ or structure fcf the proposed problem method 

Implementing * All problem solving involves implementing a proposed design 
against a known or postulated situation. This 0rodesa may range from formal predto- 
tion to replicating an existing statei - 

Evaluating . The results of the Implementation ^re formaliiid to include model 
validation, refinement of approach, and testings 



DQcumantinq * An dngslng task in which the procedur©i| 
iirinitationa^ viriablei, end "corisfcralnts ir© ricorded and^ if nf^si 



igorlthrrta, aiiumptions,^ 
sary, commented 



To assess the fealfibility 6t cflmputet-Baaed support aystenhi In luoh a prooeiS/ 
it is n8«p(|tt:y/firttf to match various commUnioatlon forms jr jnformation flow 
proce«ib^ tha group prpbl^-sqlving tasks and than to Idantify a num^r qf modify^ 
ing chartetaristics that daseribe aach basic communlbatlbri fpr|rt; Thase dharacteris- 
tics includai '* . 



Communication channel optloni -- face-to-face| audio only (telephona)i 
audio-tiixtual (facsimlla/telaphone,^audio confaren^ pie 
board)| textual-visual (meetlngi)| textual (mall). 



Level of participation one-to*onap Qne-to-many (f 
meeting)! many-to-many (fully interactive)* 



ctronic black- 



0]*mal, organized 



• Time delay in responding to a message'-- zero time delay (synchrohaui)i 
large time lags (a*g*j one-to-oni and asynchronous). ' ^ ' 



Frequency of information exchange. 



Complexity of information content. 



Computfer-bpsed communication is beat suited to those tasks for which face- 
to-face contact i^^ndt essential but an interactive capabHity is required! time delays 
are acceptable ifi responding to Inputf and l^hly structured^ written^reiponses are 
appropriate. In terms of the basic group problem-sol ving^tasks, thent structuring , 
evaluating, and documenting appear to be highly amenable to computer-based ap- 
proaches. Implementing , unstructured searching and conceptualizTn^ , however, appear 
to be less ama^bl^. Given this context, a computer-based comrxiunlcatlon.ayatem, 
HUB, has been developed to test these hypttieses. ; * 



I. : 



THE HUB SYSTtMi SUPPORTING PROBLEM-SOU VINQ ^ASKS 



The HUB system provides fdur, types of computer-based gfmjp c^mrfiunioation 
supporti Ignitructured communication simil^ of th& PLANET conferencing 

program (6), gf ethical communication through Ks ahired visual apace, comrnunicatlon 
^focused on the running of computer programs through Its program workipice, and 
com murtication focused on the creation and editing of a document in its document 
workspactf* v . ^ > 



HUB prpvideslthe communication overlay and Information storage structure 
for task-focuied communfeatlon. It Is Independent of the type of graphlci package 



used In the shared. visual space (aside frdni the tact t^at the graphic image must 
ultvnately be stared as \a file of priniitlves)| of the typt of programs used in the ^ 
program workspaces and of the editor used In editing a document. Thit^akes the 
HUB systefn both extremely flexible In the tasks, for which it can be used and adapt- 
able to the pirticular computer-based resourcts available to each user group* Its . 
relationship to the'various communication forms Is shown In Table 1. 

Table 1. Problem-Solving TaskSt CommunlcatiQn Forms, and Hfe Modulee 



Problem-Solving 
Task 

Conceptualizing 
Searching 

Structuring, 

Implementing 

Evaluating 

* ' - * . 
Documenting 



Communication Form ( 


verbal 


\ 

unstcucturea 


tesctual ^ 


- - ^ free form 


verbal 


--^i^truetured 


verbal 


^unstructured ^ 


textual — 


free form 


visual 

.- * 


pictorial^ 


verbal 


struotured 


textual- 


formal >^ 


mathematical 
visual 


symbolict 
graphic/ 


textual 


< formal 


; mathefTiatical 


numeric 


mathematical 


/Symbolic 


^innathematical 


numeric 


visual ' 


graphic 


visual 


pictorial 


Verbal 


struetural 


textual 


formal 


visual , 


graphic , 


visual 


pictorial 



Most Appropriate 
HUB Module 



PLANET Gonfarenelng 

PLANE^ conferencing 
Shared visual space 

PLANET conferencing 
Program workspace 
Shared visual space' 

PLANET conferencing 

♦ 

Program workspace 
Document workspace 



The\s^ecifiQ eommunicatlonscapabilitigs supported by th© H^B modules ihclud 



PLANETxCQnfarenc^ Exohanrge puBlic, private, or anonymqus^rntieages in 
rtal time or oi^^ dtlayed basisf ask queitions to be answ^ed as a "yei-no-abitain'', ^ 
votOi art ^ssiy, ^^umberp or an uncertain nuffiberi feed bacM answiri to questions^ 
with or, withaut nifpesj submit flies as entries and save entries m filesi.revlew^b]( 
jentr>rnumbar; auth^, datei or keyword^ ihd^splfty the full texl by first n lineij^ 5 
no headfngs, or haadWigi only. 



Shared Visual Spaj^ . Modify (or cra^) pieturis jolntlvi exchange piibliQ^ pT%ru 
va[ta, of*anonyrnou3 mesaijges while mod^^ngi attire the reciting piQturt primitives 
and aomfrienta as an entry|jre\^ieW by encry numbeni picture' name, author, date, 
or kayword'and disj^ay the^J^icture (o^rimitlves) and oomm^nts, the picture ilone, 
or the'comnlenti alone* l . 

Program Worfespebe * Bun^ocal or rtmote programs Jqintlyi exchinge public, 
private, or anonym oui mes6ages4/hile runningi record the tfanscript as en entryi 
review by entry number, programlMme, author, date, or keyword and display the 
full transcript, wlth'nb comments Or comments only. . ^ 

. ..." ' • • * * ■ 

^ - • . :^ ' ' ' ■ . -X /" . ' ■ ■ ■ 

f Document Workspace * Edit (or prelite) documenti jolntlyi exchange public, ' 
priv^e, or anonymoui messages whll©%dltlngi record the document changes and 
comments as an entryi revifw by entry '^umben, document name, author, date, key- 
word, or page number df changes and display all the' changes ahd comments, or by 
fjfst n lines with no comments or commenfis onlyi print document pages* 

TESTS WITH USER QROUPS;'.f?RELIMINARy FINDINGS 

Testa of the HUB systim, begun in 1979, have Includid both preliminary in- 
house applications fnd field tests with external uaer groups* For the preliminary' 
trials, staff members wer% given tasks that raqMired thf same kinds of information 
exchange that might occur in group problem solving* In addition, a aomputer-based 
workshop Involving planners and researchers from four geogfaphlcally distant corpora- 
tions was held. While thesp In-house applications have* proven uiefuf, the field tests 
are serving af the basis of ow formal evaluation. • 



ParticipaUM ua^> groupa includi a Ghleago-baied firm with outlets In C 
and Masiachuaefeti t|hat are using HUB to do a joint tran|latlQn of ^computer lai 
guagei a network of Navy Laboratories, NALCON; in whloh rtpreaantatlves from 
etch laboratory jointly. diicusi and write reports using the PLANfeT and document 
workspace modules of HlUBf and twa groups In the Computer Sciarice Dtpartment 
of the Unlvarilty of Utah, who work ^ the Data Driven Rtiearch Project and the 
Computer-'Aided Gaomefrlc Design Project, 



These appUcatmns, Wtjiie no are*providlng major ' 

insights Into the difficulties and principles of designing a system for tasks involved 
in group problem saving* ^s problem solving Involves both free form and highly 
structured thinking^ the design of the computer-based facilities must encourage 
botfi kinds of thought pro|esses. It must be highly Integrated, yet fle)^ihle enough 
to ewure a creative^|^text for the me of all specific functions. The fkqctioni ' 
themselvM--l.e.,Uhe werkspace^modules and particularly the program workspace-- 
rmustj however, be hig^y structured. We found that without rriu&h inbrna^ 
users had no4dea h^^bo apply the capabilities of a workspace to their own task. 
In earlier versions of IripB, for example, there was an actual separation of modules. 
However, even though the switching mechanism was V^ery slmpile, reiulta of.user 
teit groups Indicated t^at such a separation ®V communicatl6n modes hindered the 
problem^solving prqcejis. ^People had difficulty moylhg from module to module/ 



They found it awkwarrf^ switch, for instance, from the conferencinq module to 
the program workspace module In order to carry out a different aspect of the same 
task. When com mymS^n was synchronous, the group leader had to coordinate 
thp movement of an e^re group at the^same time, at the same pace, through a 
string of commanda napesspry to enter a new module. Even when communication 
was asynchronous, sarfid participants expressed the df sire to,be able to use predom- 
inantly the conferencifj J module, switching only to illustrate a particular point. 
If movement to the sth ir module demanded too many steps, the module iimply was 
not used. 



Further, users place a high value on system integration. They felt that an 
integrated system should^rely on commands at the same level with as few modulei 
as po?(sible. This would-make shifting from one kind of task-focused oommunlcation 



to another smooth, v^leNible, and easy to learn, and more fmportantly, it would sub- 
J ordinate the varioui; types of oommunioatipn to the task t^athef thqn vice versa* 

It was also recq^niied that a more integrated systern would be a mora flexible 
psystem. Flexibility can obyibusly be a positive feature of design* A deilgn should 
not impose artlfiDlal structures on the users but rather allow users to Impose their 
pwn habits and thoight processes on the design^ Vet thpre Is a fine line between 
too much and too little stpucture* If a software design is too unstructuredi people 
dp not always know what to do with it. While the overall HUB design Is loosely struc- 
tured, the^ specif ic workspsice capabiUties had to be well defined. The conferencing 
capability and the document capability posed n^problems. Users,^qwever, did have 
some difficulties In incorporating the program workspace in their activities. This 
presented an additional design problem: providing specific tools^\o make the program 
workspace useful* 

' ' • . , CONCLUSION 

The trials to data have Influenced the conceptual deiign of the system: from 
distinct modules^b an integrated, flexible structure* Current developments involve 
matching specif id' computer-based tests and methodi to the various problem-iolving 
tasks and evaluating user response to these tests. The most promising areas of applica 
tlon are in thy searching and structuring stages of Joint problem solving. (7) 

* ' ACKNOWLEDGMENT 

, This matertal is based upon work supported by the National Science Foundation 
under Grant MCS 77-01424* ^ ^ 

REFERENCES ^ 

3QHANSEN, ROBERT, "Interpersonal Communication through Computers! 
A'fa Introduction to Computer Mall and Computer Conferencing," (Presented 
at c^e Sixth Anngal Telecommunications Policy Research Conference, Alrlie 
Virginia, May 10^13, 197B,) ' 



-8- . 

(2)" O'eRffiN, MICHAEL T. «A Network Graphical Conferencing Syitem."' ■ ' 
'^ Computer Graphics , Vol, 13, No. 2., AuflCist 1979." < ' ' ' 

0)-^, BAER, A.| TUROFFj M, ^^TeKt Enhancement and Structuring in Computer 

Conferencing." (Presented ^at the Canference on Processing Visible Languige 2, 
University of Toronto, Toronti, Canada 

(4) ENGELBARTi DOUGLAS "Tpward Integrated, Evolutionary Office Automa- 
tioh Systems^" . Proceedlngi of the Joint Engineering Conference, 
Denver^ Colorado, Qctober 16-18,' 1^78, 

<5) LIPINSKI, HUBERT^ AMARA, ROYi SP ANGLER, KATHLEEN. ^•Comr^unica- 
tion Needs in Computer Modeling," (Presented at the 1978 Winter Simulation 
Confererice, Vol. 1, Miami Beach, Florida, December 4-6, 1978. Distributed.) 

■■■*-.' 

(6) VALLEE, JACQUES; GIBBS, BRADFORD. '"Diitritfuted Management of Scien- 
tific Projectii An Analysis of the Computer-Conferencing Experiments at 
NASAJ' TelecQmmunications Policy ^ December 1976. 

(7) TYDEMAN, JOHN| LIPINSKI, HUBERTi SPANd, S^A. "An Interactive Compu- 
ter-Based Approaoh to Group Problem Formulation." Technological Forecasting 
and Social Change (to be published). ' ^ 



/ 



J. 



